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ABSTRACT 

Thermal c o n t r o l  c o a t i n g s  can b e  c l a s s i f i e d  a c c o r d i n g  

t o  t h e i r  s u r f a c e  p r o p e r t i e s  and a p p l i c a t i o n  t o  t h e  s p a c e c r a f t .  

These c l a s s i f i c a t i o n s  and examples o f  t h e i r  u s e  i n  s p a c e c r a f t  

a r e  d i s c u s s e d .  Thermal  c o n t r o l  c o a t i n g s  are s u b j e c t  t o  

d e g r a d a t i o n  caused  by vacuum and u l t r a v i o l e t ,  s o l a r  p r o t o n s ,  

mic rometeo ro ids ,  and con tamina t ion .  These mechanisms and 

t h e  c u r r e n t  a s ses smen t  o f  t h e  impor tance  o f  each  are  d i s c u s s e d .  

I n  low earth o r b i t  u l t r a v i o l e t  d e g r a d a t i o n  appears t o  b e  t h e  

p r i m a r y  n a t u r a l  means o f  d e g r a d a t i o n ,  p a r t i c u l a r l y  for p a i n t s .  

Contaminat ion  appears to be a p o t e n t i a l l y  s e r i o u s  problem 

a l t h o u g h  l i t t l e  da t a  are  a v a i l a b l e .  
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INTRODUCTION 
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A radiation heat balance with the space environment 
is an important part of spacecraft temperature control. Since 
the radiation heat balance depends on the thermal radiation 
characteristics of the vehicle surfaces, it is important that 
radiation properties remain stable or predictable in the space 
environment. Unfortunately, the space environment and con- 
tamination can cause changes in surface characteristics, 
leading to inadequate temperature control. Degradation of a s  
from .2 to .4 can cause an increase in radiator sink tempera- 
ture by as much as 80O~. Therefore, it is important that 
surface coating degradation mechanisms and the magnitude of 
degradation be known in order to properly design a spacecraft. 
This requires experimental determination of surface coating 
degradation in the laboratory and during actual space flight, 
with correlation between the two sets of data. 

Two experiments proposed for AAP-2, but not yet 
approved, will provide data on coating degradation and will 
enable correlation to be made between actual space flight and 
laboratory experiments. Experiment TO31, sponsored by the 
Marshall Space Flight Center, consists of exposed sample 
coatings and a hand-held integrating sphere reflectance measur- 
ing unit. The exposed coatings will be mounted on the Airlock 
Module and the astronauts w'll measure degradation in space. 
The other experiment D024(1 is sponsored by the Department of 
Defense and consists of exposed coatings to be mounted beside 
those of T031. Both experiments involve retrieval and return 
to Earth of the exposed coatings for further analysis. It 
appears that the experiments would complement each other, since 
the Marshall experiment would involve measurements in space 
that would be valuable in correlating space flight and 
laboratory data. 

Another thermal coating experiment M415, proposed for 
AAP, was designed to measure degradation effects on coatings 
during the pre-launch and launch environment. This experiment 
consisted of two panels containing coatings, each with 12 
thermal sensors, mounted on the Saturn IB Instrument Unit of AAP-1. 
Unfortunately, the experiment has been cancelled since the stage 
will not go into orbit; and there are  no definite plans to Place M415 
on another flight, for example AAP-2. It is not possible to 
obtain satisfactory temperature data without obtaining thermal 
stability in orbit. 
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The purpose of this memorandum is to describe the 
various types of coatings and the mechanisms that cause 
coating degradation. 

THERMAL SURFACE COATINGS 

Coatings can be classified according to their surface 
properties, Four classes of coatings exist according to surface 
properties. They are: solar reflector a s / €  < <  1; solar absorber, 
a s / c  > >  1 ; f l a t  reflector, as/€ = 1 with low a s ;  and flat 
absorber, as/€ 2 1, with high a s .  Values of as and E for 
materials belonging to these classes are shown in Table I. Wica1 

Coatings may also be classified according t o  their 
application to the surface. The classifications are: flame- 
sprayed coatings, vacuum-deposited coatings, 
coatings, paints, and second surface mirrors. 
application methods and some examples of their use will be 
discussed. 

a1 conversion ????t? The 

Flame-sprayed Coatings 

Flame-sprayed coatings are powders that are heated 
in a flame-spray gun and hot-sprayed on the spacecraft surfaces. 
The first United States space vehicle, Explorer 1, had a 
flame-sprayed coating of A12 03  applied in predetermined stripes 
to produce a s / €  = .437.  
heating during launch, thereby imposing a design restraint upon 
the coating. 

The coatings were exposed to aerodynamic 

Vacuum-deposited Coatings 

The vacuum-deposited coatings, both metals and 
dielectrics, represent one of the more expensive methods for 
obtaining surfaces with specific optical properties. Much of 
the expense is due to the necessity for large vacuum chambers 
and other coating facilities necessary to coat large rigid 
areas. Handling is also a major problem, as are corrosion 
protection (prelaunch environment) and the repairing of defects 
or handling scars. However, a wide range of distinct values of 
c is  and E can be obtained with very close tolerance. 

The Vanguard I1 space vehicle required an a s / €  = 1 . 3  
with as low values for both quantities as possible. The 
selected coating was a multilayer, vacuum-deposited coating. 
The basic satellite shell was magnesium alloy, which was 
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0 
g o l d - p l a t e d .  A 500 A l aye r  o f  chromium was d e p o s i t e d  on 
the  g o l d  s u r f a c e  as a pr imer  t o  promote adherence .  The 

second l a y e r  was a 500 A l a y e r  o f  s i l i c o n  monoxide t h a t  
s e r v e d  as a d i f f u s i o n  b a r r i e r  between t h e  t h i r d  l a y e r ,  a 
1000 A c o a t i n g  o f  aluminum, and  t h e  chromium l a y e r .  The 
aluminum l aye r  p rov ided  h i g h  r e f l e c t a n c e  r e q u i r e d  f o r  
maximum v i s i b i l i t y .  The f o u r t h  l a y e r  was a 6000  A l a y e r  
o f  s i l i c o n  monoxide. 

0 

0 

0 

Chemical Conversion Coat ings  

A l m o s t  a l l  metal s u r f a c e s  form a ve ry  t h i n ,  homo- 
geneous,  d i e l e c t r i c  f i l m .  U s u a l l y ,  t h i s  f i l m  i s  a n  o x i d e  
of  t h e  p a r e n t  metal and may  even  b e  monomolecular i n  t h i c k n e s s .  
Convers ion  c o a t i n g s ,  i n  g e n e r a l ,  e x t e n d  t h e  t h i c k n e s s  o f  t h i s  
f i l m  by chemica l  conve r s ion .  A p p l i c a t i o n  r e q u i r e s  a chemica l  
b a t h ,  p r e c l e a n i n g  and r i n s i n g  b a t h s ,  and e x a c t i n g  p r o c e s s i n g  
c o n t r o l  f o r  r e l i a b l e  and r e p e a t a b l e  c o a t i n g s .  

The Echo I1 s a t e l l i t e  was c o n s t r u c t e d  o f  a 3 - l a y e r  
l a m i n a t e ;  a .18-mil t h i c k  l aye r  o f  aluminum on each  s i d e  of  
a . 3 5 - m i l t h i c k  m y l a r  f i l m .  The 135-foot  s p h e r e  had  an 
approximate  volume of  1 1/4 m i l l i o n  c u b i c  f e e t  and a s u r f a c e  
area o f  57,300 s q u a r e  f e e t .  The s u r f a c e  c o a t i n g s  used  were 
"Alodine 401-41'' and "Alodine 1 2 0 6  S" p r o p r i e t a r y  s o l u t i o n s  
o f  Anchem P r o d u c t s ,  I n c .  These  c o a t i n g s  were amorphous, 
phospha te  c o a t i n g s  on aluminum, o r i g i n a l l y  deve loped  as 
p r o t e c t i v e  s u r f a c e s  and p a i n t  primers f o r  aluminum c o a t e d ,  
s t e e l  wire f e n c i n g .  The Echo I1 + l a y e r  l a m i n a t e  was 
produced  i n  54-inch wide s t r i p s ;  t h e r e f o r e  t h e  l a m i n a t e  
c o u l d  be  p u l l e d  th rough  t h e  "Alodine" b a t h  a t  a c o n t r o l l e d  
r a t e  t o  produce t h e  c o a t i n g  t h i c k n e s s  r e q u i r e d .  

P a i n t s  

Thermal c o n t r o l  p a i n t s  c o n s i s t  o f  a pigment ,  which 
can  be  e i t h e r  a d i e l e c t r i c  o r  semiconductor ,  and a b i n d e r ,  
which can b e  e i t h e r  a s i l i c o n e  o r  a s i l i c a t e .  P a i n t s  o f f e r  
s e v e r a l  advantages  o v e r  o t h e r  t y p e s  o f  c o a t i n g s ;  f l e x i b i l i t y  
i n  u s e ;  absence  of  d e t r i m e n t a l  e f f e c t  on t h e  s t r u c t u r e  o f  t h e  
s u b s t r a t e  mater ia l ;  p o s s e s s i o n  of a wide  v a r i e t y  o f  o p t i c a l  
p r o p e r t i e s ;  low c o s t  of p r o d u c t i o n ;  ease o f  a p p l i c a t i o n  and 
r e p a i r ;  and c o m p a t i b i l i t y  w i t h  a wide  v a r i e t y  o f  s u b s t r a t e s .  
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However, p a i n t s  a re  g e n e r a l l y  more s u s c e p t i b l e  t o  u l t r a v i o l e t  
d e g r a d a t i o n  t h a n  o t h e r  c o a t i n g s .  Most p a i n t s  are a p p l i e d  b y  
s p r a y i n g  and may r e q u i r e  r e a p p l i c a t i o n  and c u r i n g .  

The E x p l o r e r  I X  s a t e l l i t e  was a r i g i d  s p h e r e  1 2  f ee t  
i n  diameter made of  a b - l aye r  aluminum l a m i n a t e .  The des i red  
a /E  was ach ieved  b y  a p p l y i n g  t i t a n i a  pigmented expoxy p a i n t  
i g  a uni form po lka  do t  p a t t e r n  t o  1 8  p e r c e n t  of t h e  s u r f a c e .  

Two p a i n t s  t h a t  have r e c e i v e d  e x t e n s i v e  t e s t i n g  
are  Zinc Oxide/Methyl S i l i c o n  (S-13) and Zinc Oxide/Potassium 
S i l i c a t e  (2 -93) .  ( 5 3 6 3 7 )  
SM adapters  and t h e  i n s t r u m e n t  u n i t s  o f  t h e  S a t u r n  I .  The 
(Z-93) c o a t i n g  i s  used on t h e  CM-SM r a d i a t o r .  

The (S-13) c o a t i n g  was used  on t h e  

Se cond-Sur f a ce  Mi r ro r s  

The second-su r face  m i r r o r  deve loped  by Lockheed 
c o n s i s t s  o f  s i l v e r  vacuum d e p o s i t e d  on a .008-inch t h i c k  
wafer of h i g h  q u a l i t y  f u s e d  s i l i c a .  T h i s  combina t ion  y i e l d s  
a = .05 and E = . 8 1  at  295'K. The h i g h  r e f l e c t a n c e  t o  s o l a r  
ene rgy  i s  a r e s u l t  o f  t h e  second s u r f a c e  s i l v e r  f i l m ,  
whereas t h e  h i g h  E i s  produced by t h e  f u s e d  s i l i c a .  The 
c o a t i n g  sys t em,  c a l l e d  the  O p t i c a l  S o l a r  R e f l e c t o r  ( O S R ) ,  
has been shown t o  be  s t a b l e  i n  t h e  space envi ronment .  

S 

The OSR can be f a b r i c a t e d  i n  a v a r i e t y  of shapes 
and s i z e s ;  however, t h e  most common c o n f i g u r a t i o n  p r e s e n t l y  
i n  use  i s  t h a t  o f  25-mm t o  38-mm s q u a r e s .  L a r g e r  s i z e s  
c a n  be produced,  b u t  breakage  d u r i n g  f a b r i c a t i o n  and h a n d l i n g  
lead t o  i n c r e a s e d  c o s t s .  The weight  i s  rough ly  t w i c e  t h a t  
o f  comparable w h i t e  p a i n t  c o a t i n g s .  I n d i v i d u a l  OSR m i r r o r s  
a r e  t y p i c a l l y  a p p l i e d  t o  a s p a c e c r a f t  s u r f a c e  u s i n g  a n  
a d h e s i v e  t h a t  i s  s e l e c t e d  f o r  i t s  c o m p a t i b i l i t y  w i t h  t h e  
OSR materials.  The OSR was used  s u c e s s f u l l y  on Lunar 
O r b i t e r  and v a r i o u s  A i r  Force s p a c e c r a f t .  

DEGRADATION MECHANISMS 

Space env i ronmen ta l  h a z a r d s  which are most l i k e l y  
t o  a f f e c t  t h e  p r o p e r t i e s  of c o a t i n g s  are:  (1) vacuum Q, 1 0  -15 
T o r r ;  ( 2 )  s o l a r  u l t r a v i o l e t  pho tons ;  ( 3 )  s o l a r  p r o t o n s ;  
and  ( 4 )  mic rometeo ro ids .  The most s e r i o u s ,  p a r t i c u l a r l y  
f o r  p a i n t s ,  i s  t h e  combinat ion of  vacuum and u l t r a v i o l e t  
r a d i a t i o n .  S o l a r  p r o t o n s  do n o t  appear t o  be  a problem i n  
low ea r th  o r b i t  (below 200 n a u t i c a l  mi l e s ) .  Even above 
200 n a u t i c a l  miles  s o l a r  p r o t o n s  do n o t  appear t o  be as 
i m p o r t a n t  as u l t r a v i o l e t  d e g r a d a t i o n .  However, l i t t l e  i s  
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known about  t h e  combinat ion of  u l t r a v i o l e t  and s o l a r  p r o t o n  
d e g r a d a t i o n .  It appears t h a t  a s o p h i s t i c a t e d  a n a l y s i s  i s  
r e q u i r e d  t o  s e p a r a t e  t h e  e f f e c t s  o f  t h e  two mechanisms when 
b o t h  o c c u r .  S i n c e  exper iments  TO21 and D O 2 4  a re  main ly  
concerned w i t h  u l t r a v i o l e t  d e g r a d a t i o n  t h e y  would n o t  b e  
u s e f u l  i n  d e t e r m i n i n g  t h e  e f f e c t s  of  t h e  combina t ion  o f  
u l t r a v i o l e t  and p r o t o n  d e g r a d a t i o n .  

Other  man-made mechanisms o c c u r  t h a t  cou ld  p r e s e n t  
s e r i o u s  problems.  Nuclear  r e a c t o r s  and i s o t o p e  g e n e r a t o r s  
can produce n e u t r o n  and gamma r a d i a t i o n .  These mechanisms 
w i l l  n o t  be d i s c u s s e d  i n  t h i s  memo. O t h e r  mechanisms a re  
con tamina t ion  and aerodynamic h e a t i n g .  Contaminat ion  
i n c l u d e s  p re - l aunch  con tamina t ion  and in - space  c o n t a m i n a t i o n  
by u r i n e  dumps, r o c k e t  f i r i n g s ,  e t c .  

U l t r a v i o l e t  and Vacuum 

Data on t h e  u l t r a v i o l e t  d e g r a d a t i o n  o f  c o a t i n g s  
has been o b t a i n e d  i n  l a b o r a t o r y  expe r imen t s  and  from space-  
c r a f t  f l i g h t s .  I n f o r m a t i o n  o b t a i n e d  from s p a c e c r a f t  i s  
based on t e m p e r a t u r e  measurements,  t h e r e f o r e ,  t h i s  i n f o r m a t i o n  
may n o t  be t r u l y  r e p r e s e n t a t i v e  o f  d e g r a d a t i o n  o f  s u r f a c e  
o p t i c a l  p r o p e r t i e s .  There i s  need for a c t u a l  r e f l e c t a n c e  
and e m i t t a n c e  measurements t o  b e  made of  c o a t i n g s  i n  t h e  
a c t u a l  s p a c e  envi ronment .  
data on c o a t i n g  d e g r a d a t i o n .  
a c t u a l  measurements i n  t h e  s p a c e  environment  and s p e c t r a l  
data.  

There i s  need a l s o  f o r  s p e c t r a l  
Experiment TO31 would p r o v i d e  

The i n c r e a s e  i n  s o l a r  a b s o r p t a n c e  o f  t i t a n i a -  
expoxy and t i t a n i a - s i l i c o n e  c o a t i n g s  due t o  u l t r a v i o l e t  
r a d i a t i o n  i s  shown i n  F i g u r e  1. T h i s  i n f o r m a t i o n  was o b t a i n e d  
from t h e  O S O - I  s a t e l l i t e .  ( 8 )  Comparison between t h e  p r e d i c t e d  
i n c r e a s e  based on l a b o r a t o r y  t e s t s  and a c t u a l  f l i g h t  t e s t  
are shown i n  F i g u r e s  2 and 3. I n  t h e  l a b o r a t o r y  t h e  lamps 
u s e d  o f t e n  s u b j e c t  t e s t  specimens t o  u l t r a v i o l e t  r a d i a t i o n  
many t imes as i n t e n s e  as t h e  s u n .  T h e r e f o r e ,  comparison i s  
made i n  e q u i v a l e n t  sun  hours  o f  exposure .  

Data o b t a i n e d  from t h e  OV1-10 s a t e l l i t e  i s  shown 
i n  F i g u r e  4 .  (’) 
o r b i t a l  t i m e  i s  shown f o r  f i v e  spec imens .  
s t a b i l i t y  of  t h e  second s u r f a c e  m i r r o r  ( O S R )  i s  e v i d e n t .  
PV-100 and 78B2 are r u t i l e  t y p e  ( T i 0  o r  T i 0 2 )  pigments  w i t h  

s i l i c o n e  t y p e  b i n d e r s .  The o t h e r  two c o a t i n g s  are a l s o  p a i n t s .  

The solar a b s o r p t a n c e  as a f u n c t i o n  of 
The low as and 
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A d d i t i o n a l  f l i g h t  da ta  can b e  found i n  Refe rence  
6 (Pegasus )  and Reference  1 0  (ATS-1) .  U l t r a v i o l e t  d e g r a d a t i o n  
for v a r i o u s  pigments  o b t a i n e d  from l a b o r a t o r y  da ta  i s  shown 
i n  Table 11. (11) 
less  a f f e c t e d  by  u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum t h a n  
s y n t h e t i c  l a b o r a t o r y  chemica l s .  Excep t ions  were z i n c  
compounds and t i n  o x i d e .  

I n  g e n e r a l ,  n a t u r a l ,  mined m i n e r a l s  were 

Another  d e g r a d a t i o n  mechanism caused  by u l t r a v i o l e t  
r a d i a t i o n  i s  a n  i n c r e a s e  i n  a b s o r p t a n c e  i n  t h e  i n f r a r e d  
r a n g e  o f  t h e  spec t rum.  This  d e g r a d a t i o n  i s  p e c u l i a r  t o  
c e r t a i n  z i n c  ox ide  p a i n t s  and t h e  p a i n t  w i l l  r e c o v e r  a f t e r  
exposure  t o  oxygen. T h i s  phenomenon i s  c a l l e d  oxygen b l e a c h i n g .  
The p a i n t  S-13 d e c r e a s e d  i n  r e f l e c t a n c e  b y  abou t  35% a t  2 LI 
a f t e r  approx ima te ly  800 e q u i v a l e n t  s u n  hour s  o f  u l t r a v i o l e t  
i r r a d i a t i o n  i n  vacuum. (12) 
o c c u r s  a f t e r  two minutes  exposure  t o  t h e  a tmosphere .  It 
i s  f e l t  by some i n v e s t i g a t o r s  t h a t  t h e  oxygen atoms a v a i l a b l e  
i n  low e a r t h  o r b i t  can p reven t  t h i s  d e g r a d a t i o n .  
t h e  phenomenon i s  n o t  comple te ly  unde r s tood  and f u r t h e r  data 
a re  r e q u i r e d .  

However, n e a r l y  t o t a l  r e c o v e r y  

However, 

S o l a r  p r o t o n s  

S o l a r  p r o t o n  s p u t t e r i n g  was found t o  remove a b o u t  
1 A p e r  year  f o r  copper  and about  h a l f  t h i s  r a t e  f o r  i r o n  
and o x i d e s .  ( I3)  However, s p u t t e r i n g  n o t  on ly  removes 
material  b u t  i t  a l s o  produces chemica l  e f f e c t s .  Oxides of 
t h e  n o n - t r a n s i t i o n  e l emen t s  ye l low s l i g h t l y  due t o  t h e  loss 
of oxygen. Black C u O  i s  f i r s t  c o n v e r t e d  t o  r e d  Cu20, t h e n  
t o  a f i l m  o f  Cu. Fe 0 i s  conve r t ed  t o  Fe 0 FeO, and Fe 

unde r  i m p a c t .  T i n  and p ro tons  combine t o  produce SnH4 
r e s u l t i n g  i n  a la rger  appa ren t  s p u t t e r i n g  r a t e .  S o l a r  p r o t o n  
s p u t t e r i n g  a p p e a r s  t o  be a small e f f e c t  i n  comparison t o  
u l t r a v i o l e t  d e g r a d a t i o n .  However, d u r i n g  v i o l e n t  s o l a r  s to rms  
t h e  p o s s i b i l i t y  e x i s t s  t h a t  s e r i o u s  d e g r a d a t i o n  problems w i l l  
a r i s e .  

0 

2 3  3 4’ 

Micrometeoroids  

The i n f o r m a t i o n  a v a i l a b l e  on d e g r a d a t i o n  o f  

Mer i l l  ( 1 4 )  c o a t i n g s  from micrometeoro ids  i s  l i m i t e d .  
r e p o r t e d  on an  a n a l y t i c a l  model which was developed t o  
p r e d i c t  t h e  change i n  e m i t t a n c e  o f  a s u r f a c e  caused  by 
p a r t i c l e  impact .  Changes were small ove r  l o n g  d u r a t i o n s .  
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Discrepancies existed between the model and experimental 
results. 
surface optical properties of 50 per cent are allowable, only 
missions over 7 months long will be affected. In NASA SP-5014 
dated 1964, the assessment is that impacts of micrometeoroids 
over a period of years are not likely to greatly affect satel- 
lite temperature coatings. However, considerably more research 
is needed to determine the degradation of thermal coatings 
exposed to micrometeoroids. 

Mirtich and Mark(l5) conclude that if changes in 
( 3 )  

Contamination and Aerodynamic Heating 

Degradation of surface thermal coatings by contamination 
is a potentially serious problem. Contamination can occur during 
the prelaunch environment and while in orbit. As a rule of 
thumb, the reflectance may be e ected to decrease by 0 to 5% 
due to prelaunch environment, This includes handling and 
exposure to atmosphere prior to launch. Contamination while 
in orbit may be due to urine dumps, rocket firings, etc. 
type of contamination may cause serious degradation problems. 
Great care must be taken to reduce in-flight contamination to 
a minimum. 
effects of contamination. 

This 

Data are required to fully evaluate the degradation 

Aerodynamic heating during launch can cause coating 
degradation. 
coatings during launch, However, in AAP, vehicles such as the 
SM and OWS are not shrouded. In tests conducted by Douglas 
using a MORL* launch profile the coating Z-93 degraded from 
.163 to . 1 7 4  in solar obsorptivity.(l6) 
unaffected. Degradation during launch is of short duration 
and its effects can be estimated fairly well. 

Many spacecraft have been shrouded to protect the 

Emissivity was 

CONCLUSIONS 

Thermal coatings have been developed that have a wide 
Thermal coatings range of surface properties and applications. 

are subject to many degradation mechanisms. In many instances 
the physics of the degradation process are not well understood 
and little data are available. 
spacecraft thermal predictions and requires some conservatism 
in spacecraft thermal design. More flight data, especially 
reflectance measurements while in space, are necessary for the 
accurate prediction of thermal coating degradation. 
proposed AAP-2 experiments #TO31 and #DO24 should provide 
valuable information on ultraviolet degradation in near earth 
orbit. These experiments would: 

This reduces the accuracy of . 

The 

*MORL - Manned Orbiting Research Laboratory 
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1. 

2 .  

3. 

caused by 
valuable. 

Determine the effects of near earth space environments 
on selected experimental thermal control coatings 
which have been extensively investigated in the 
laboratory, 

Compare data obtained from measurements made in the 
space environment w i t h  measurements made in vacuum 
chambers. 

Provide new insights into the mechanisms of 
degradation of thermal control coatings caused by 
actual space radiation, 

An experiment that would also determine degradation 
in-flight contamination would also be extremely 

1022-JG-ep i/J. Gillespie 



BELLCOMM. INC. 

REFERENCES 

1. Memo To: MLD/Deputy D i r e c t o r ,  Apol lo  A p p l i c a t i o n s  Program, 
S u b j e c t :  "Request f o r  c o m p a t i b i l i t y  a s ses smen t  - Experiment  
D024," 18  December 1968.  

2 .  "Methods f o r  Exper imenta l  D e t e r m i n a t i o n  of t h e  E x t r a -  
T e r r e s t r i a l  S o l a r  Absorptance o f  S p a c e c r a f t  Mater ia ls ,"  
NASA SP-31, R .  E .  Gaumer, E .  R .  S t r e e d ,  and T .  J .  Vaj ta .  

3. "NASA C o n t r i b u t i o n s  t o  t h e  Technology of  I n o r g a n i c  

4 .  " O p t i c a l  S o l a r  R e f l e c t o r :  A Highly S t a b l e ,  Low a s / €  

Coa t ings , "  NASA SP-5014. 

S p a c e c r a f t  Thermal C o n t r o l  S u r f a c e , "  J o u r n a l  of S p a c e c r a f t  
and Rockets ,  September 1968,  K. N .  M a r s h a l l  and R .  A .  
Breuch.  

5.  " S p e c t r a l  Dependence of U l t r a v i o l e t - I n d u c e d  Degrada t ion  
o f  Coa t ings  f o r  S p a c e c r a f t  Thermal C o n t r o l , "  Thermophysics 
of  S p a c e c r a f t  and P l a n e t a r y  Bodies ,  Vol. 20,  J.  C .  Arvesen.  

"Thermal C o n t r o l  Coat ing  D e g r a d a t i o n  Data  from t h e  Pegasus 
Experiment Packages,"  Thermophysics o f  S p a c e c r a f t  and 
P lane ta ry  Bodies ,  V o l .  20 ,  C .  F .  S c h a f e r  and T.  C .  
B a n n i s t e r .  

6 .  

7 .  "Role of F l i g h t  Experiments  i n  t h e  S tudy  o f  Thermal 
C o n t r o l  Coa t ings  f o r  S p a c e c r a f t , "  Thermophysics of  
S p a c e c r a f t  and P l a n e t a r y  Bod ies ,  V o l .  20 ,  C .  B .  Neel. 

"Development of  a Technique for t h e  C o r r e l a t i o n  o f  
F l i g h t  and Ground-Based S t u d i e s  o f  t h e  U l t r a v i o l e t  
D e g r a d a t i o n  of Polymer F i l m s , "  NASA SP-55, J .  A .  P a r k e r  
and C .  B .  Neel. 

8 .  

9 .  " P r e l i m i n a r y  Data: OV1-10 Thermal C o n t r o l  Coa t ing  
Experiment ,"  Proceedings  of t h e  J o i n t  A i r  Fo rce  - NASA 
Thermal C o n t r o l  Group, 16-17 August 1 9 6 7 ,  AFML-TR-68-198, 
C .  P .  Boebel .  

1 0 .  " P r e l i m i n a r y  ATS Thermal Coa t ings  Experiment F l i g h t  Data," 
Proceedings  of  t h e  J o i n t  A i r  F o r c e ,  NASA Thermal C o n t r o l  
Group, 16-17 August 1 9 6 7 ,  AFML-TR-68-198, P .  J .  Re icha rd  
and J .  J .  Friolo. 



BELLCOMM. INC. p-  2 - 

11. " U l t r a v i o l e t  I r r a d i a t i o n  of White S p a c e c r a f t  Coa t ings  
i n  Vacuum," NASA SP-55, G .  A .  Z e r l a n t ,  Y .  Harada,  
E .  H .  Tompkins. 

1 2 .  "The Behavior  of  S e v e r a l  White Pigments as Determined 
by I n - S i t u  R e f l e c t a n c e  Measurements of  I r r a d i a t e d  
Specimens, ' '  P roceedings  o f  t h e  J o i n t  A i r  F o r c e  - NASA 
Thermal C o n t r o l  Group, 16-17 August 1 9 6 7 ,  AFML-7R-68-198, 
G .  A.  Z e r l a u t  and F .  0.  Rogers .  

13.  "Solar-Wind Bombardment o f  a S u r f a c e  i n  Space ,"  NASA 
SP-55, G .  K .  Wehner. 

1 4 .  "The E f f e c t s  o f  Micrometeoroids  on t h e  Emi t t ance  o f  
S o l i d s , "  NASA SP-55, R .  B .  M e r i l l .  

15.  " A l t e r a t i o n  o f  S u r f a c e  O p t i c a l  P r o p e r t i e s  by High-speed 
Micron-Size P a r t i c l e s , "  NASA SP-55, M .  J .  M i r t i c h  and 
H .  Mark. 

1 6 .  " R a d i a t i v e  P r o p e r t y  Measurements o f  Thermal C o n t r o l  
Coa t ings  f o r  S p a c e c r a f t , "  NASA SP-31, M .  A .  T u r n e r .  

17 .  " S p a c e c r a f t  R a d i a t o r  Ana lys i s  ," ASME 1968,  0. C .  Ledford  
and R .  L.  B l a k e l y .  



BELLCOMM, f N C .  

FIQURE 1-Changes i n  solar absorptance of titania-epozy 
and titania-silicone coatings due to ultraviolet radiation. 

OSO-I FLIGHT 
A-H6 LAMP 
8-H6 LAMP 

.- 
EOUIVALENT SUN HOURS 

FIGURE 2 --Comparison of predicted increase in  solar 
ubsorptance of fitania-eyozy coating uith in-flight 
rasdfs on the OSO-I satellite. 

a - 8-H6 LAMP I 

/' 
A-H6 LAMP 
OSO-I FLIGHT .I6 __ 

e 2 t--- ,/ 

EQUIVALENT SUN HOURS 

FIOURE 3 -Comparison of predicfed increase i n  sdor 
aboorpfancs of titania-silicone coaling wifh in-flight 
reauUs on the OSO-Z safellite. 
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TABLE I -The Solar Absorptance (a,) and Total Hemispherical Emittunce (c) at 500' R jor . .  
Tarpicat Mkerials. Used jor Spacecraft Thermal Control 

Matarlrl Idaatlcatlon 

0. 90 
.94 
.94  
.89 

. 3 0  

.44  

.25  

.35  

.39  

.30  

.44  

.62 

. 14 

.20 . 10 

.24 
I 

- 
600° R .E - 

0. 85 
. .80 
. 8 3  
.81  

. 3 3  

. 36 . 26 

. 3 7  

.03  

. 0 3  

.06 

. 14 

. 91 

.93 

. 4 3  

.89 
- 
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Tab 1 e I I - EJect of Ul'lravwlef Zrradiation in Vacuum on Optical Properties of Miscellaneous Inorganic Pigment8 

Alucer MC (alpha), Gulton Industries- - - 
Alucer MA (gamma), Gulton Industries-- 

Ajax P kaolin, Georgia kaolin-- _ _ _ _ _ _ _  
Ajax SC kaolin; Georgia kaolin- - _ _ _ _  - _ 
Molochite, Paper Makers Importing Co- 

National Lead co-  _ _ _ _ - _ _ - _ _ _ _ _  I- - - _ 
Synthetic, Johns-Manville _ _ _ _ _ _ _ _ _ _ _ _ _  
Wollastonite C-I, Cabot- _ _ _ _ _ _ _ _ _ _ _ _ _  
Spinel, Linde _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Reagent-grade powder, Mallinckrodt- _ - _ 
NO. 140 Alabama talc, Whittaker, Clark 

AlSiMag 243, American Lava _ _ _ _ _ _ _ _ _ _  
USP, Mallinckrodt- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ottawa Special, Ottawa Silica _ _ _ _  _ _  - - - 
Diatomaceous earth, Dicalite WB-5, 

CP, Fisher Scientific Co _ _ - - - _ - - - _ _ _  A _ -  

CP, Titanium Alloy Mfg _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Cubic, Titanium Alloy Mfg _ _ _ _ _ _ _ _ _ _ _ _  
Superpax, Titanium AHOY Mfg - - _ _ _ _ - _ _  
Reagent grade, Matheson, Coleman, and 

and Daniels. 

Great Lakes Carbon. 

Bell. 

-- 
ESH. - 

0 
180 

0 
75 
0 

180 
0 

200 
0 

180 
0 

75 
0 

75 
0 

76 
0 

75 
0 

75 
0 

180 
0 

1036 
0 

200 
0 

76 
0 

180 
0 

300 
0 

76 
0 

I80 
0 

180 
0 

76 

olar lactol 

3 

1. 5 

3 

3 

3 

1. 5 

1. 5 

1. 6 

1. 5 

I. 6 

3 

15 

3 

1. 5 

3 

3 

1. 5 

3 

3 

1. 5 

Reflectance, % 

440 mr 

loo. 0 
74. 0 
93. 5 
49. 5 
73. 0 
46.5 
78. 0 
65. 0 
a. 5 
75. 5 
92. 5 
36. 5 
86. 0 
58. 0 
92. 5 
81. 0 
97. 5 
70. 0 
98. 5 
71. 0 
89. 0 
62. 0 
33. 0 
35. 5 
97. 5 
18. 5 
88. 5 
77. 5 
92. 0 
87. 5 
88.0 
78. 5 
92. 5 
65. 5 
88.0 
33. 0 
86. 5 
65. 0 
91. 0 
89. 0 

6Ol-J mr 

100.0 
91. 5 
90. 0 
82. 5 
84. 5 
60. 0 
87. 0 
81. 0 
86. 5 
84. 5 
.96. 5 
50. 0 
90. 0 
81. 0 
94. 5 
91. 5 
97. 0 
92. 5 
98. 5 
92. 5 
92. 0 
73. 5 
59. 0 
60. 0 
99.0 
44. 5 
92. 5 
90. 0 
93. 5 
93. 0 
90. 0 
88. 0 
97. 0 
90. 5 
95. 5 
73. 6 
92. 5 
84. 5 
94.5 
94. 0 
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